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PROBLEM TO BE SOLVED: To reduce manufacturing cost by 
decreasing the futile use of a coating liquid and to improve the in- 
plane uniformity of a thin film and the sharpness of contour In a / \ ^ 
method of forming the thin film by applying a coating liquid on a ' '"^ 
substrate. SOLUTiON: The thin film forming method has a 

process for forming a bank part 21 on a contour part in a region , ^'SXr^:^- ' 

where the thin film is formed on the substrate S by discharging a - f^^^- ' ■'"^>J*>l[,'x v 

1 st coating liquid by ink-jet method and a process for discharging /y".- ' ^ * ^"irN^ ,,. 

a 2n coating liquid containing film forming components which has /Ay' '^: \\ 

nearly the same composition as the 1st coating liquid on a pond / ^ -Vx 

part 23 surrounded by the bank part 21 by the ink-jet method. // V \ \ 
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m^mi 0] ^^wmm^^<9~:^y^Lxts:^^m^ 
m:k.f:i>^'m\^mm<r)mmif\^xh-jx. ii^Jii'-eco 



im^mi 4] mmm^^<^-^y^'Lxf.i:om^^ 
mx.tim,%^^mm<rjmmi7mxh<>x. i^>^Jii--6 

[If jjtif 1 5 1 yirh^)y'/yy^ xu^th-m%it 
[0001] 

immm-r^^m^^w] ^mmit. a y^ 'yx.y vm 
-%:m\^^xmw.h{mmAmf^'t^^iji^. t^^mz r ii. ^ 

[00021 

m^(Dmn i^^fe. nmirmfk-t^^mrmi'iktLx 

xnm^mfk'^^w^.xh^Do - t/^x f^>zi- vmt. 
mx,\ty:^ hy y ^yy ^xm\m\^^^^^y:A- huv^ 

h\y yy- h^i/)m:inm^min't^iymfmm^hx\^ 

[0 0 0 4] 



[0 0 0 5] ^mmimj^(r)mmi:i^^xfj:^titzt(r) 
mmi^^\^±^nm^^ z tf)^x^ ^mmmf^ifm. 

[0 0 0 6] 

f^'r^ijmxh-:>x. nmrn^^o-mt^mm^w^f^-r^ 

}^^^mLx±^%^nm'toxut. mm±^uxm 

[0 0 0 7] ^%m(nnmmf^mui. ^y^'y:r.vv 

X. '^'rmw.i}m^^^KZ:>m)$.<f:^mm^nz.(J^Ji^% 1 co 
'^^■^^^w,\.x±^%^w>^\.. ^<n'ik. %%±^'%(n 

f)^h^i^±^w^t%2(Dm-^mt-^^^^£^'rtw^\>^(r^Mtt 
[0 0 0 8] m^±^^Atm^mmo-)mmu±i^<7^^^ 

mztsn^:r.^yi;^r^jt<r>m(nnVy^tx<r)m^^f]<7ym 

it4^^<mx,hh^^. z(r)rzi^K ^mmmi'^i^x. ± 
^^(/^o: y i^uf^^Di^jio^^'Atxmmo^yw^^cm 

t.fz. ^i</)mifimfj^^:>^£^±^'mt. m2(ryminm'^ 
mm^ii^t. X 0-) mir-m^'^it^^c. m2 (rrmmm"^ 
mti^iitzt-^iza -^^i it'^m t tz nmimm ,t 4^ o r 



-r^fn^hm^ mm ^^~m'^^tkf-fi:[kmm^tzh 
ttzmm^commimmikm^-^a{m~'Xh^(r) 

ih^ti. ±i^t txm\Hi^--mcmtitzmmm^hti 

[0 0 0 9] y^^m(7mmm^ijm{z^oh^x. w]m^2 
(/y^t)m(^y^m-^mmm 1 (/ymmmco^-^f^^xTxh?^ z 
tf)m^L^\ -^^m(/^mmwm-jfmi,z^\^^xn. ±# 
^^mfi!<,i-6mi (^y^i^m(r)^i^/}'^M\^^if^\ mm^m 
<. LtzfA-^xmm(^^m~m'^±cm^^-\:^^^mri^ 
't^zt/y^x^^o. ttz. ±^m(r^m^^m<nm'r6 

'?:^Xij^il-t tfz^ i(7y^^mz^n ^^mM(/)B 

'^mi^^'>^^<x^m^^^\^^ij:^K X ^)m.mmx±^^t'- 
f-mt^mm t tz ummm t^^^(Dx§!-^t\.\ ^ 2 co 
minmitmi(^mimtwi^(n^mxhx.\,^^i^ 

i<:ih:-<Xfj:\Mmomm:^M1n^ri^^(/)X\ 

T^^^^tif^^iytzmizr^-^xji:^^^^) ^< ^ mM(r)m- -tt^^fS} 
±^-^^')K.xiil-^l\.\ ^krzim^xh^:^f)K 
^'y:^yy ^glc^o 6 niffl "F ^ i ^ C < I 

[0 0 10] i^%mmm^f^-yim\z^\-x. mt%\ 

'^x^mL%^m^'ii-:>xmx^^m\L^'±^zt\zx 
^mttj:^)^ mm(rjmm^}:^jmmi,::-r^ztt}^^x^ 

[0011] ^^^OiiiiffM^fi{::^3i^T. mjIS^i 

ii\mcM'r^mio^min^i^(r^mm-nfj-±^<fj:-DX. qt 

m ^ixf::^ 1 t/^^«;5?»±aii!}c^p^oT/i:;6^i ^m<t£ 

6. Ltz/y^-^x. mf)^m^±^^>^mhti'^zt^'^x 
tzs ±^mm^^m<wMt^') r^xMTtL\.\ ^ 

[0 0 12] i^tzi^mn<nmmm^^iimz:i^z\^^x. mm 

H^mL^^Miz^Lx. mh^%:\^}it^^^y^2(yy-nm 
^%^m%:ff^zti)mt.L^\ f}-f)^7^mmz.ti^\t. 

X . P±m /I ^ 2 (T) ^i^^^;0^i|SPi: m © o r IS/J^^ 19 
a < ^ </)-c\ J: ^ 2 f:> ^ ^^p^ 



[0 0 13] ^mf](nmmmh)i:^m:^}si'x. mm±^ 
hV^Mm^y^ 5 0 0 /i miD.rvh^^ z t m'it. ti v ±^ 

[0 0 14] ^mm(r>mmmr^iymiz^^\^'x. mmmi 

[0 0 1 5] ^rz^3^m^mmm0:^ma. ^m'Tv^-mi^ 
.j; Xj^'m%t^'^mm(r)mmxm^ct3 { r ^ m»m^(D tc 

XM/^U^L<Mmir^Zt^^X^^. 
[0016] 

xiiK{i{i^t/ii(7)x^^a. z(Dm(7m^x^^w^WL 
m-rr^t. ^-r. di (a) [cfr^-^x^oic^ n^m^Ri 
^mm^m.\t^mhxim^^m<r^±mz.mim2^m 

6o 1'^v^T^ mi (b) (cir-tJ;?^^, >-y^>g^fblI 
^hv y^yy^xm^mx. ^ymtm4^ 

.^V'iyV ^ymitm5^y<^-=->^'/LX. y ^-JV K 

[0 0 1 7] ^^^T\ iMi (c) {z.X'^-tX.bXZ^ '±mz 
y-t h uv^x 7^ff$^jcL/if^. ^3(7^ h y y^- 



^^"^-yr a^m^-t^. ?^v^r\ m (d) 

oil, y^-/u K^fLSl8^JfML/:ifi. vy:=i>?^fl:: 

(e) ic>7^-ri:9t^. h^Mt9^ffML/cft. ^ 
®(c-7^ hUx.x h)il O^r^/^L. ^4(ryy:t V 
^'yy ^xm^^X. Z(Dy^hy'J:^hmi0^y<'^ 

y-^ ^y^l'^'Dyh^^^'ii'oXVth^y H /i^-SrfMtfc 
f^. i-'vx h/N^^-> 1 0 a ^^^-fe. :i<^f^. Hi 

(f) (C7pri-J:-;(C. i^ffi(C;^U n^/^ 1 1 ;$:fM 

t. Affile y >fci(^ffo At f^. ^5(7>:7:^-hu 

yy^^y^Xm^MT. ^Ky > y r^:/^! i^/N>5r-- 

[0018] m -c\ Hi ( g ) \zfn-r^ (c. .^©{c 

7.:^ h i^xx 1 2 ^^/ijcL. ^6(r)-7,^ yy^ 
:7^X^^^T. rc^:>'7:^- h Uv^X 1 2 

yy^5 r t J: . n^-rt-/^ y-^x/ Ku-f yfflfl 

un\^j.^i7mm^mo yi>y^v^<'/-> 1 2 a ^mrfz^ 

60 ^LT. tm-(:t>nh}l^^^n'oXn^-Y^^;VV 

-y/ Ku^ > 1 3 ^ffMtfc^. ui^xh/<y->i 

2a^i^5fe'r6o ^i/^x\ mi (h) (i7n-rj:9jc. ± 
hi^i^-T. hmi 4^wmL. m<r)yir sy y 

^^'^^ YX^fr^T. -0^):^^- h Uv^x h/i 1 4 ^^^y 
-;::^;/yi-^ :i ^ {cj: , p t>/w y-;^/ K y^ y 

/sict-a. '^tT. iry^-]hx2,^^^ni. zn\z. 

X^)mi (i) tOKl-J:9tC. p^-^-t^/b y-x/ Ku- 
^>^l 5^'?|^/7fet. ::tof^i/v-x 1 4 a ^(^ 

5^-^-6. mi {]) {i^-t-j;o{i, ^®icir^ 
Ife^lli 6^^i^)^L. y yn--^fTo/c?^. ^sco-y,^ 
hy y^T-^^ r.^^^r i^lij^^Bf 1 e^/v-^^-'-v 
y^-r6:ii:icj:i9, p :=^y y y Nr^p^^ffM-r^. 7^ 
mi (k) {Z7i^^.^o\z^ ±m\cmmmn^M 
f^Lfziks '^9<^y^\^')y^^yy^xr^^mxMnM 
^ 1 7^/<y-^vy tria^^ii 7 a -^f^/^jc^--^. z(r) 
\k. mn<tx\^^t.i\^^i)K ±m\^^-yy^~-yBym^^m 
f^Ltzi^. ^iO(ny'A'V^) v'/yy^xm^^X^<v 

[0 0 1 9] |Il2(j:U v^X hAy^->^7 a, lOa, 1 

2a, lA'a^^Bm^^x^^^wmyr^Lfimmmxh 

12, 1 4^?f^/^Jct-6X11l:t. ;^^0i^coj^iiffM,Mi^ 
fflV^TtTt?tlo. y>y^h^<^/-y 7 a , 10 a, 12 

a. 1 4 a ^f$/7it-t-^('r,t,t-f , |yl2^^/i^t- J: OJC. gtj 



uvxhjfzdo, 12, 1 4) ^ffM-r^,, 

ZC0'7ir hl^-y'^ bmr (10, 12, 14) (C^ 

Xh/V^->^7a (10a. 12a. 14a);iq#6n 
[0 0 2 0] [13(±. -^t- h Uv^y; h^i$^^T^i--5(/)(^ 

--■yKi^ioi, xifi^mmmi 0 4. vifrpitf^ \<^m 

10 5. 106. mm-b 107, ^ -r=.>-^' 

#^t^l0 8. S-^1 0 9^#;tTV^6. ^g^^ 1 0 7 

(1. Y^f^://^ K#i 0 ^ ±^m}^mimf^:^nr:^o 

1 0 H^iWrf^it^BM 0 7±coS;^s(i[^^^ 

h-^y \^'t^imrzifmnxhx.i\ 

[0 0 2 1 ] x:^)^mm^ 1 0 4 x:^\^mW}'e- 

it. y^T^t^y^'^-^^xh'^K mmmmi 0 
xmij\^(r>mmB^'f)m'4^^n6 1 xif\pmmm i o 4 

xzn^y h--y Kg^i 0 1 /i^^x.#:^r^(c^ifit'^c Y;^r^ 

S^*$^1T*^«9. Y;^[^^V K#1 0 5±cA;is^-^l 0 

7fiY^i^i?t3^"^ 1 0 3ict^M.^nri^^, Y^i^ 
-l^ib^-^ 1 0 3f±. y^^y^^^^-^^xh^ . m 

mm-^' 1 0 7 ^Ylft^n^fc^i&^'tt-s. i o e 

r. ^>'^>>3i-/ h--.^y Kpi 0 i()ox^:^f^(r>^®)^ 

mm-t 5 (OiK tfjy <yL. X ft ^ ( X $A J? COiKtillff ^) 

[0 0 2 2] y"^>^^l^^*f5l 0 8fi. ^>^^y^ 
y h--y KSll 0 1^^ ';'-^>'^'r5^tti^^xTV^ 

17\t^i7'-( K^i 0 5[cfp^oTl^lii?t^J: 

TV^6. ^ y-^^^^Mti^l 0 8cO#tli»^i[l 
[0 0 2 3 ] ^^7)^5ti/^^)-f v^:y h^^^l 00^ 



[14 (a) sUxm^^'^;t/z 

mmsizntx. 4y^i^:x.yh^'^w:ioo\zx^). m 

^rffM-r^c ^^^^Mfc^CT. ^c/^^RHJtc^i cn^ga^cW^ 
10 0 2 4] mi(^mi^ekW^mtLXit. m\(J^-y-t 

\ 70-400n m^.Jff (T^mi^^HSt^i-^ 

^iS (•:^^r£) "T^^X-^flSM^ff '3;^&. i^fjx.^fHMD 
((CH3)3S i NHS i (CH,)3^-^^#tlCtT 

/-^'^tT-^:>tL^l^fH:aili<7"->^t*. r :: [CBtttl ^ ti ^ 1 to :7 

[0 0 2 5] MlcO-^®c&S^^«. W\-TM^%\7Lfzm 
^S<r)^-U(no h. ^>/e< i:'^>^l('/5"7:t huv'x Vx^ 

Vv^yy. hrf^'^Pld^-r^itfiic^l c/^^®e^®^^ 

[0 0 2 61 ^1 10:7:^- h v^yy. vmt. m%\mmt- 

;!)^oT^l<7>-7:t h l^v^X h?{|0^;t{t2 0 c pl^Tt 

-t^hZtf^kf^L^ ^ ii^^t L<}11 2 c p-8 c p 
^^<b-r6. ^fc^KO-/-^ hUv>x h^^fi. 

[0 0 2 7] ^UmPM\ci-s\^x. ^i<7:)Vi- huvx 

hff^fi. 114 (a) S^RSc/^^)^(^^o'o 



y^Vxy'Jy^vmi (10, 12. 1 4) Tj^ffM'i^ti'S 

:^hl-v.XhJi7 (10, 12, 1 4) /j^fM^n^Sfi 

[0 0 2 8] ^i(;:)-7^ hu>?x h/{f{^J:oTffM^h. 

A'B&it#:c7)±#^^.2 icT^^ijiw (^^iltt^7>i^) {1, >c 

;r^HLTIiif:c04-i^J-^^4i:^< /jr6cOT\ 5 0 0 a/ 
#^2 lc^.)^*iW?18 0/zmi':^±i:-t-6r ir75^0;^ L 

^/c±f^iB2 1 (^^ii7ri:ft^n,i;$) 

-f^-'/rt h Ux-x hi 7 (10, 12, \A)OymUk 

u>?xh^7(io. 12, 1 4) cA)ffft:^cojf:^^ 1 
2-4/im@Jt<ti-^- ^Ac±^^2 1 

[0 0 2 9] r'/Xi: 9(1 Lr±#^2 1 ^/fMLAift. 

114 (b) tl.7>-r J: ^>:^>'~.n:-y h^gl 0 0(C 

J:^, ±^^2 1 T'[Stil.^'a!l^2 3[^il||2<n'7:f h 

[0 0 3 0] ^2C0^ci^^^S^ I Til. m2cn"/^ 

^ ^ 7) vj^ < t'j^ 6 J: 9 4^ tf 9 . ' ^ 2 

afeM^^^Mi-t-®{i. '>4^< i:t;±^^15 2 iTIS^ix/c 
M2 3(^J^tg<b, h^U2 lC0f^^2 1 a <i:±4^^2 

ti. ::::iiB±lii<^ii6M2(/3-7i- h u-xx hiff^V)tf'f4. 



ii^.-r^. t.fz,. m2ij-)^m^^^mm^\ifzWi^m 
[0 0 3 1 ] ^2c^)^+ X iMf^fi. ^c<nmm^\^. 

h fi ^ m%t- ?L t, ^ {:: mi^-T-'^ ^ {^-{$f k $ n 5 J: 9 
jii:</:>^§^]'C^|f^tT^2^7:)-7i- huvx hy^^lf 

hW<ttho LfzA^^-oX. ^2</"J'7^ h u h^^(/>^ 
/tii 8 c p 2 c ^/t/J^^f * t < . J: L < 5 c 

p -3 c pm^tm^o 

[0 0 3 21 ^'Mmmm\^^s\.-x. m2(ny t h uv-x 

tz. ^<-^y ^sM.^mxmmm^^^^n^ tmmT^m 

m-t6(DX\ 114 (b) M^i-J:9tC. ^2(75^:*-hU 

v^x ^lf^^^/r^:1^^£ft{-4:Jl^r. /!ilg-|52 3':?^^|^gll'C«± 
-7^^.2 1 i:lRlCii:^^?:^6J:9{c. t^i^o^^ 2 3 (/^q^^ 
m^^^ J: J9 il?< 5i ^ ±.fy>^P:^mtfj:6.l 9 tc. 

^ (^^iEf^<>0,^3) li, m2(/)y:th\^y:^hm^^M 
1^ltim,^.t}-h^—^y^''iktX^J:>mz^iii^. ±f-U 

-<-^y^'mc±.f^^2 1 ti^^rz 3\^</y^mt 

XLl\, 0"fj;KL(f-<— ^>yf^c7;:7;^ h uvx 7 (1 
0, 12, 1 4) (Or^^^^l ^miri^^-t^m^JCfi. 

'^%2 3(D':^^x(Dmm(Dm^ (m^mmcnM^) ^2 

mm^mm<^-^m^icmf^i-^fMc^ mtrnt^'^. ^2 

txi\ 

[0 0 3 3] ^tiMzcny^ h u>>.x h^i^^. v> 
in-y hi:fe(Ci:»y;rtfe^2 3\^rim^i-t6m\M. M2 3 



[00:^4] ::(r)J:9{cLT. ±#^.2 wzm^Mz.'^ 

(10, 12, 14) //^?1^/Jfe^tl6c ±^ff.2 1 
t¥.f^-t^Ml ^n-y -t V V'yT. V\^h.. zn^r^ 

^J-t£y:th\y>7'^hJ§7 (10, 12. I 4) mm 

it-^t:jmitLtrMmx\ m%^2 sizmm/ymf^'^ 

ii. m^fy^-i^itLXf.^^h(/rch6(^X\ :j^yi>U^:> 

m'^mi-^xmmt^.c-^xi^^., 
[0 0 3 51 ^nmmmi,zx.tiit. ^^Mi^mm^mmx 

mct^\i^-7:t h V v^'yy>fi:mz^s\.'X. S^S(o 

0, 12, 14) /y^mfs^^h^o Z(/)yy^ hi-i^y^hm 
7 (10, 12, 14) m2icijki-xoi:.. ykurn 

xm^/t^n^^K miHi^-mzmnx^^^^'fyxi^^^-^m^t 

Tf#^btl6 l/vx h/N^ — > 7 a (10 a, 12 a, 1 

4 a) mmmmr^^< . ^mtmM:(/^>jfmMj^^\^± 

^(/^X. "^r^- hi->'^^hm(Jm^^'pfJ:<i-6zt^'^X 

m-^i-t. -^mc:^t'y=i-hmxm'^^no t 
^<Dmifimmmmmit5%mmx\ 9 5%^mitmfk 

irfc^XLt.O(^^lC'MLX. :^'M^mBxa. y ^ h 

X h m(r^mmmm^ 8 0 - 9 0 y m^\zm, < . 
h(D±mmm^m^ztt^^x^^, 

[0 0 3 6] t.f-^%mm\~^o\.'x. mitW:2^^<^ 

^nmmf^iio'^^m^^^xrioztt'-x^^. me\tmit 

^m.^^^Lfzm.mmxh^. -tt^i-yh. f^rmnu^'^^ 

-^:y^i>^y vmcx.^)y:t huvx vm 
ft. r(0±f-^2 \\zM-^M'MU2 ^^\z.r^m^mj^ 



m^^i'^y^ h-^y^-y ^j^-Lxm^kn^tz-ik. mt 

ZZt,X{t^ mt(OVyyV^-9 — y7 3i (10 a, 1 
2 a, 14 a) ^^Wi^f^-f ^(T-) tmcm^Xri 1 Z ti^X 

[0 0 3 7] m\M2^^<9- 
^yf't^m\^'yirV')y^yy^'xm^%^\^x. % 

^'5y(nmt'^M\zm^^ --m-mxfzy ir wjy vm 

[0 0 3 8 ] t/i, 3^IIW^^i(C^o^.^T. ^lE^^ffc8i2 

^/^^-- >^^'-t^^i (7)-7?j- h y ^' y y ^ xmtfn 

y-=:^yy'-t^^2(/')y^ h u y^^^-^ yX^. 4^ u y 

y^xu. mmmmi e^y<^-=zy^^'r^ms(ny 

y^-r^mQiDy-t h y vy^-7^xM. 4-oJ:t>v<^y jy 
^-iyBymt'<^-:^y^^-t^^i oco-7:*- h >; y y* 

-thi^iyy \^mmmiz^mm(rmmwmijm^m\^'x 

[0 0 3 9] tfz. t^mmm\Z^3\.-^X. mX^^^:t 

^^m<^mmjfm:^mizxnn'jztf^x^^. -r 

ti:ioh. mm^Bmi e^fi-mi-^m^tLx. m^m 

^.2 1 JFML/ifi. Z(D±^^,2 i\zm^htzmm2 3 

p^izmm^rM-t^ijmxmmmmmi e^^M-r^r 

yf)-x^6. 

[0 0 4 0] ti^:fy^^ijm^m^'h\t. m^s(Dm£±m 
i^ziMP^m-mzmMimmmBm 1 e ^mf^-r^ zt^'^ 
x^^}^ttic. mmm(r)mM^^pti:<Lx. ±m:=^ 

y h(r)mmiz^4'^^Zt:/}>X^^. 

[0 04 1] tfz. ^^»^^t'^jv^r. Rtix^^i^-x. 
fj:iyh. mmm 1 7 ^Mf^i-^unt i ^Jix^ti i t 



Mrj(^U2 3\H{zmm^nm'r^h-'ii^xmmm 1 7 

</yy:t h V y/ y y ^ xmcx ^ ^< 9 ^' Lxmm 

1 7 a 

[0 0 4 2] Tii^/j^^^^j^^fflV^tlff. S1^S(7^r5}?^® 
[0 0 4 3 1 

ifm(r)mt LT. V U h CMO St :^(7ym 

y :=i y h nMO SxVn-^ -^t/>l^itXi^-^. p n 

'^mM<^Bhki:s -^mf\(/^mmmb^.h'mi:m^'xn 
'?ztr^x^^. 

[0 0 4 4] y^%mi^zg^.?:>m2mmmmtLx. 
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25 ^54) [Title of Invention] THIN FILM FORMATION METHOD AND 
MANUFACTURING APPARATUS FOR THIN FILM STRUCTURE USING THE 
SAME, MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE, AND 
MANUFACTURING METHOD OF ELECTRO-OPTIC DEVICE 
(57) [Abstract] 
30 [Problem] 

In a method of forming a thin fihn by applying an application liquid over a 
substrate, improvement in in-plane evenness of the thin film and improvement in 
sharpness of outline are to be realized, as well as reducing production cost by reducing 
waste of die application liquid. 
35 [Means of Solving tiie Problem] 

A thin fihn formation mediod characterized by uicludhig a step of forming a 
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bank portion 21 by discharging a 1st application liquid by an inkjet mediod, over an 
outline portion of a region of a substrate S where a thin film is to be formed; and a step 
of discharging a 2nd application liquid contaming a fibn constituent which has nearly 
the same composition as that of the 1st application liquid, to a pond portion 23 
5 surrounded by the bank portion 21 by an inkjet method. 
[Claims] 
[Claim 1] 

A method of forming a thin film by applying an application liquid over a 
substrate, including die steps of: 
10 forming a bank portion over an outline portion of a region of the substrate 

where the thin film is to be formed by discharging a 1st application liquid by an inkjet 
method; and 

discharging a 2nd application liquid containing a film constituent with a 
composition that is nearly the same as that of the 1st application liquid, to a pond 
15 portion surrounded by the bank portion by an inkjet method. 
[Claim 2] 

The thin film formation method according to claim 1, wherein die viscosity of 
the 2nd application liquid is less than or equal to the viscosity of the 1st application 
liquid. 
20 [Claims] 

The thin film formation mediod according to either of claims 1 and 2, wherein 
before discharging the 1st appUcation liquid and/or the 2nd application liquid, a surface 
modification treatment is performed on a discharging surface to which the application 
liquid is discharged. 
25 [Claim 4] 

The thin film formation method according to claim 3, wherein before 
discharging the 1st application liquid, a 1st surface modification treatment for reducing 
wettability is performed on the dischaiging surface to which the 1st application liquid is 

discharged. 
30 [Claim 5] 

The thin film formation mediod according to any of claims 1 to 5, wherein 
before discharging the 2nd application liquid, a 2nd surface modification treatment for 
improving wettability is performed on the discharging surface to which the 2nd 
application liquid is discharged. 
35 [Claim 6] 

The thin film formation mediod according to any of claims 1 to 5, wherein a 
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line width of the bank portion is less than or equal to 500 jim. 
[Claim 7] 

The thin film formation method according to any of claims 1 to 6, wherein the 
1st application liquid and the 2nd application liquid are each a photoresist liquid. 
5 [Claim 8] 

A manufacturing method of a thin film structure in which a thm film is formed 
over a substrate, including the step of forming the thin film by the thin film formation 
method according to any of claims 1 to 6. 
[Claims] 

10 A manufacturing method of a semiconductor device provided with an interlayer 

insulating film, including the step of forming the interlayer insulating film by the tiiin 
film formation method according to any of claims 1 to 6. 
[Claim 10] 

A manufacturing metiiod of a semiconductor device provided with a wiring 
15 made by pattering a conductive layer, including tiie steps of: 

forming tiie conductive layer by the thin film formation mediod according to 
any of claims 1 to 6; and 

patterning the conductive layer. 
[Claim 11] 

20 A manufacturing method of a semiconductor device including a 

photolitiiography step, wherein the photolithography step includes a step of forming a 
photoresist layer by tiie thin film formation method according to claim 7. 
[Claim 12] 

A manufacturing method of an electro-optic device including a transparent 
25 conductive film over a substrate, including the step of forming the transparent 
conductive film by the diin film formation method according to any of claims 1 to 6. 
[Claim 13] 

A manufacturing metiiod of an electro-optic device provided with an interlayer 
insulating film, including the step of forming the interlayer insulating film by the tiiin 
30 fihn formation method according to any of claims 1 to 6. 
[Claim 14] 

A manufacturing metiiod of an electro-optic device provided with a wiring 
made by pattering a conductive layer, including the steps of: 

forming die conductive layer by the tiun film formation method according to 
35 any of claims 1 to 6; and 

patterning the conductive layer. 
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[Claim 15] 

A manufacturing method of an electro-optic device including a 
photolithography step, wherein the photolithography step includes a step of forming a 
photoresist layer by the thin film formation method according to claim 7. 
5 [Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a method of forming a thin film over a 
substrate using an Inkjet method, and a manufacturing method of a thin flhn structure, a 
10 manufacturing method of a semiconductor device, and a manufacturing method of an 
electro-optic device using the same. 
[0002] 
[Prior Art] 

Conventionally, die spin-coating method diat is known as an application 
15 method when forming a thin film is a mediod of forming a thui film by dropping an 
application liquid over a substrate and then spinning the substrate, utilizing centrifugal 
force. This spin-coating method is widely used as a method of forming a thin film 
over an entire surface of a substrate, for example, in forming a photoresist layer used in 
a photolithography step. 
20 [0003] 

However, in the above-mentioned spin-coating mediod, there was a 
disadvantage that die production cost was high, because most of die supplied 
application liquid spattered away a lot of application liquid was wasted at the same time 
as needing to supply a lot of application liquid. There was also a disadvantage diat 

25 film thickness was uneven because the substrate was spun and the application liquid 
flowed from the inner side to the outer side due to centrifugal force, and the film 
thickness of the peripheral region tended to become thicker than Uiat of the inner side. 
As a countermeasure to these, a mediod of applying an application liquid such a 
photoresist using an Inkjet device has been suggested ui recent years. 

30 [0004] 

[Problems to be Solved by the Invention] 

Although the method of application using an inkjet device wastes less 
application liquid compared to the spin-coating mediod because it is a mediod of 
dischaiging the application liquid only to a region where a coating flhn is to be formed, 

35 there was a problem that in plane evenness easily became insufficient because even if 
the application liquid was applied evenly as shown in FIG 8(a) for example, in die 
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process of drying this coating film 91 by natural drying or forced drying, a large bump 
shown by an edge portion 90 was formed. It is thought that tliis is because a force 
trying to shrink inward works stronger by surface tension since the edge portion 90 of 
the coating film 91 has a larger surface area than an inner region thereof, and because 
5 solvent vaporization from the periphery is fast, concentration distribution occurs and an 
effect works where a solute moves to the outer side. There was also a problem that 
blurring of the outline of the coating film 91 easily occurred. 
[0005] 

The present invention was created to solve the previously-mentioned problems, 

10 and an object is to reduce production cost by reducing waste of an application liquid, as 
well as to provide a thin film formation method by which improvement in in-plane 
evenness of a thin film and improvement in sharpness of an outline of a thin film can be 
realized; a manufacturing method of a thin film structure; a manufacturing method of a 
semiconductor device; and a manufacturing method of an electro-optic device. 

15 [0006] 

[Method for Solving the Problems] 

The present invention employed the following configuration in order to solve 
the previously-mentioned problems. That is, a thin film formation method of the 
present invention is a method of forming a thin film by applying an application liquid 

20 over a substrate, characterized by including a step of forming a bank portion by 
discharging the 1st application liquid by an Inkjet method, over an outline portion of a 
region of the substrate where the thin film is to be formed; and a step of dischai^ng the 
2nd application liquid that contains a film constituent with a composition that is nearly 
the same as that of the 1st application liquid, to a pond portion (depressed portion) 

25 surrounded by the bank portion by an Inkjet method. 
[0007] 

Because the thin film formation mediod of the present invention uses an Inkjet 
mediod, the application liquid can be applied to a predetermined site with a 
predetermined application amount. Accordingly, waste of the application liquid is 

30 drastically less than a spin-coating method, and reduction in production cost can be 
realized. Further, because application region and application order can be freely set in 
an Inkjet method, the bank portion can be formed first by discharging the 1st application 
liquid only over the outline portion of the region where the thm film is to be formed, 
and then a coating film can be formed by discharging the 2nd application liquid to the 

35 pond portion on an inner side of the bank portion. Because the 1st application liquid 
and the 2nd application liquid contain film constituents with compositions that are 
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nearly the same as each other, the bank portion made of the 1st application liquid and 
the coating film made of the 2nd application liquid in the pond portion easily unify, and 
an even coating film without a border is formed as a whole. 
[0008] 

5 Because the previously-mentioned bank portion is provided only over the 

oudine portion of the application region, a width thereof is relatively small; accordingly, 
a difference in the surface tension of an edge portion of the bank portion and the surface 
tension of other portions can be made small. Therefore, m a drying step, a difference 
in film thickness does not easily occur between the edge portion and the other portions 

10 of the bank portion, and a bank portion with a favorable evenness of height (film 
thickness) is obtained. Also, the bank portion made of the 1st application liquid 
changes by die time the 2nd application liquid is applied, and reaches a partiaUy cured 
state or a cured state by the time the 2nd application liquid has been applied. 
Accordingly, a bank portion that is an edge portion of the entire tiiin film formed of the 

15 bank portion made of the 1st application liquid and the coatmg film made of the 2nd 
application liquid in the pond portion, mauitams evenness of height (fihn thickness) in a 
favorable state while the coating fihn in the pond portion dries and cures. Furtiier, 
because the coating film in the pond portion has a nearly even surface state, difference 
in surface tension does not easily occur. Accordingly, partial rising of the coating film 

20 in the step of drying the coating film in the pond portion can be prevented, and a tiiin 
film with excellent in-plane evenness can be obtained as a whole. 
[0009] 

In the thin film formation metiiod of the present invention, it is preferable that 
the viscosity of die 2nd application liquid is less than or equal die viscosity of die 1st 

25 application liquid. In the diin fihn formation mediod of die present invention, by the 
viscosity of die 1st application liquid for forming the bank portion being higher, Ime 
widfli is narrower, and a bank portion in which unevenness of film thickness does not 
easily occur can be formed. Furdier, it is also preferable in forming tiie height of the 
bank portion to be tall. It is also preferable diat die amount of solvent contained in the 

30 1st application liquid be littie to have a high viscosity, because the bank portion comes 
to a partially cured state or a cured state in a shorter amount of time. Altiiough die 2nd 
application liquid may have the same viscosity as the 1st application liquid, because it is 
applied to the pond portion which has a larger area than die bank portion, a low 
viscosity is preferable in terms of improving evenness of die coating film because it is 

35 easier to spread along an applied surface. In addition, widi a low viscosity, a dischaige 
defect in an Inkjet device does not easily occur. 
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[0010] 

In the thin film formation method of the present invention, it is preferable that 
before discharging the 1st application liquid and/or before discharging the 2nd 
application liquid, a surface modification treatment be performed on a discharging 
surface to which the application liquid is discharged. By performing a surface 
modification treatment on the discharging surface and changing the wettability, a 
contact angle of the application liquid with respect to the discharging surface can be 
controlled; accorduigly, the shape, the film thickness, the in-plane evenness, and the like 
of the coating film can be controlled, and the outline of the coating film can be made to 
be even sharper. 
[0011] 

In the thin film formation method of the present invention, it is preferable that 
before discharging the 1st application liquid, a first surface modification treatment that 
lowers wettability be performed on a dischaiging surface to which the 1st application 
liquid is discharged. According to such a structure, the contact angle of the 1st 
application liquid with respect to the discharging surface becomes large, and the 
discharged 1st application liquid does not easily spread along the discharging surface. 
Therefore, a bank portion widi a narrow width can be formed, the outline of the bank 
portion becomes sharp, and blurring is prevented. Further, it is also preferable in terms 
of forming the height of the bank portion to be tall. In addition, the rise of an outer 
wall of the bank portion becomes steep, and evenness in height in an edge portion also 
becomes favorable. 
[0012] 

Further, in the thin film formation method of the present invention, it is 
preferable that before discharging the 2nd application liquid, a 2nd surface modification 
treatment that improves wettability be performed on a discharging surface to which the 
2nd application liquid is discharged. According to such a structure, die contact angle 
of the 2nd application liquid with respect to the discharging surface becomes small, and 
the discharged 2nd application liquid easily spreads along the dischaiging surface; 
therefore, in-plane evenness of die coating film made of the 2nd application liquid in die 
pond portion can be improved. 
[0013J 

In die diin fibn formation method of die present invention, it is preferable diat 
the line width of the bank portion is less than or equal to 500 ^m. If die line width of 
the bank portion is less than or equal to 500 i^m, a difference in film thickness does not 
easily occur during a drying step because the difference in the surface tension of die 
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edge portion and that of the other portions is sufficiently smaU, a banic portion with 

favorable evenness of height can be obtained. 

[0014] 

In the thin film formation method of the present invention, a photoresist liquid 
5 can favorably be used as each of the 1st application liquid and the 2nd application liquid. 
Accordingly, a photoresist layer with excellent in-plane evenness can be formed, and a 
high light exposure precision can be obtained. Further, because waste of the 
photoresist liquid, which has a relatively high unit price, is little, production cost can be 
reduced. Specifically, the thin film formation method of the present invention can 
10 favorably be applied to a photolithography step in a manufacturing process of a 
semiconductor device, or a photolithography step in a manufacturing process of an 
electro-optic device. 
[0015] 

Further, the thin film formation method of the present invention can be applied 
15 to formation of thin films in a variety of fields. The manufacturing method of a thin 
film structure of the present invention is a manufacturing method of a thin film structure 
in which a thin film is formed over a substrate, characterized in that the 
previously-mentioned thin film is formed by the thin flbn formation method of the 
present invention. According to such a method, a thin film structure provided with a 
20 thin film wifli excellent in-plane evenness is obtained along with reducing waste of an 
application liquid that forms the thin film and reducing production cost. Specifically, 
the thin film formation step of the present invention can favorably be applied to a step 
of forming an interiayer insulating film in a manufacturing process of a semiconductor 
device and a manufacturing process of an electro-optic device; a step of forming a 
25 conductive layer for forming a wiring in a manufacturing process of a semiconductor 
device and a manufacturing process of an electro-optic device; and a step of forming a 
transparent conductive film in a manufacturing process of an electro-optic device. 
[0016] 

[Embodiment Mode] 

30 Hereinafter, a first embodiment mode according to the present invention is 

described. FIG 1 shows an example of a manufacturing process of a silicon gate 
CMOS device in sequence, as one example of a manufacturing method of a 
semiconductor device. To make a general explanation of the manufacturing process in 
this example, first, as shown in FIG 1(a), an oxidation treatment is performed on a 

35 surface of an n type substrate 1 to form an oxide film 2 entirely over the substrate 
surface, and then through a 1st photolithography step, an opening portion 2a for p-weU 

8/25 



Translation of: JP-2003-126760 



formation is formed in the oxide film 2. Then, after forming a p-well 3 by performing 
boron-ion implantation through this opening portion 2a, the oxide film 2 is removed. 
Next, as shown in FIG 1(b), after forming a silicon oxide film 4 and a sUicon nitride 
film 5 in this order, though a 2nd photolithography step, these silicon oxide film 4 and 
5 silicon nitride film 5 are patterned to form a field-region formation pattern 6. 
[0017] 

Next, as shown in FIG 1(c), after forming a photoresist layer 7 over an entire 
surface, through a 3rd photolithography step, thus photoresist layer 7 is patterned to 
form a p-channel cover pattern (resist pattern) 7a. Then, after forming a channel 

10 stopper by performing boron-ion implantation, the resist pattern 7a is removed. Next, 
as shown in FIG 1(d), after forming a field oxide film 8, the silicon oxide film 4 and the 
silicon nitride film 5 are removed. Subsequently, as shown in FIG 1(e), after forming 
a gate oxide film 9, by forming a photoresist layer 10 over the entire surface and 
patterning this photoresist layer 10 through a 4th photolithography step, a Vth control 

15 pattern (resist pattern) 10a is formed. Then, after forming a Vtfi control by perfonning 
boron-ion implantation, the resist pattern 10a is removed. Then, as shown in FIG 1(f). 
after forming a polysilicon layer 11 over the entire surface then subsequently 
performing phosphorus diffusion over the entire surface, the polysilicon layer 11 is 
patterned through a 5th photolithography step. 

20 [0018] 

Next, as shown in FIG 1(g). a photoresist layer 12 is formed over the entire 
surface, then by patterning this photoresist layer 12 by a 6th photolithography step, a 
resist pattern 12a for covering a region other dian a region for an n-channel source/drain 
opening portion is formed. Then, after forming an n-channel source/drain 13 by 

25 performing arsenic-ion implantation, the resist pattern 12a is removed. Next, as shown 
in FIG 1(h), by forming a photoresist layer 14 over the entue surface and patterning this 
photoresist layer 14 through a 7th photolithography step, a resist pattern 14a for 
covering a region other than a region for a p channel source/drain opening portion is 
formed. Then, boron ion implantation is performed. By this, as shown in FIG l(i), a 

30 p-channel source/drain 15 is formed, and then the resist pattern 14a is removed. Next, 
as shown in FIG l(j), after forming an interlayer insulating film 16 over the entire 
surface and reflowing, a p-contact opening portion is formed by patterning the interlayer 
insulating film 16 through an 8th photolithography step. Subsequendy, as shown in 
FIG l(k). after forming a conductive layer 17 over the entire surface, a wiring 17a is 

35 formed by patterning the conductive layer 17 through a 9th photolithography step. 
After this, although not shown in the figure, a passivation film is formed over the entke 
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surface, then a bonding opening portion is formed in the passivation fihn through a 10*** 

photolithography step. 

[0019] 

FIG 2 is an explanatory diagram that roughly shows a process of forming resist 
5 patterns 7a, 10a, 12a, and 14a. In this embodiment mode, the process of forming the 
photoresist layers 7, 10, 12, and 14 is performed using the thin fibn formation method 
of the present invention. To form the resist patterns 7a, 10a, 12a, and 14a, first, as 
shown in FIG 2, a photoresist liquid is applied over almost an entire surface of the 
substrate S (hereinafter may simply be referred to as substrate S). which has gone 

10 thorough a preceding step, by the diin film formation method of the present invention 
using an Inkjet method, and then curing a coating film by baking to form the photoresist 
layer 7 (10, 12, 14). Then, by exposing this photoresist layer 7 (10, 12, 14) dirough a 
photomask that has a light-blocking portion of a predetermined shape, and then 
developing it. the resist pattern 7a, (10a, 12a, 14a) with a predetermined shape is 

15 obtained. 
[0020] 

FIG 3 is a general perspective view showing an example of an Inkjet device 
favorably used to apply the photoresist liquid. A device 100 of this example is 
provided with an inkjet-head group 101, an X-dkection drive axis 104, a Y-direction 

20 guide axis 105, a control device 106, a placement board 107, a cleaning mechanism 
portion 108, and a base 109. The placement base 107 is formed to be movable over 
the Y-direction guide axis 105. and has a mechanism for fixing the substrate S, which 
receives a liquid material, to a standard position. The inkjet head group 101 is 
provided with a plurality of Inkjet heads each provided witfi a nozzle (discharging 

25 mouth) that discharges the liquid material towards the substrate S that is over the 
placement board 107. Note that although a plurality of Inkjet heads are provided in 
this embodiment mode, just one Inkjet head may be provided. 
[0021] 

An X-direction drive motor 102 is connected to the X-direction drive axis 104. 

30 The X-direction drive motor 102 is a stepping motor or the like, and turns die 
X-dkection drive axis 104 when a drive signal of an X-axis direction is supplied from 
the control device 106. When die X-direction drive axis 104 turns, the Inkjet head 
group 101 moves in the X-axis direction. The Y-dkection guide axis 105 is fixed to 
the base 109 so as not to move, and the placement board 107 over the Y-durection guide 

35 axis 105 is connected to the Y-direction drive motor 103. The Y-direction drive motor 
103 is a stepping motor or the like, and moves the placement board 107 in a Y-axis 
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direction when a drive signal of the Y-axis direction is supplied from die control device 
106. The control device 106 supplies each Inkjet head provided in the inkjet head 
group 101 a voltage for controlling dischaige of ink drops. Further, die control device 

106 supplies to the X direction drive motor 102 a drive pulse signal (drive signal of the 
5 X-axis direction) for controlling movement of the inkjet head group 101 in the X-axis 

direction, as well as supplies to the Y-direction drive motor 103 a drive pulse signal 
(drive signal of die Y-axis direction) for controlling movement of the placement board 

107 in the Y-axis direction. 
[0022] 

10 The cleaning mechanism portion 108is provided witfi a mechanism for 

cleaning the inkjet head group lOL The cleaning mechanism portion 108 is connected 
to a drive motor that is not shown in the figure, and the cleaning mechanism portion 108 
is formed so that by driving this drive motor, it can be moved along the Y-direction 
guide axis 105. Movement of the cleaning mechanism portion 108 is also controlled 

15 by the control device 106. 
[0023] 

Using an inkjet device 100 with such a structure, a step of applying a 
photoresist liquid will be described. First, as shown in FIG 4(a), the bank portion 21 is 
formed by dischaiging a 1st photoresist liquid (application liquid) to the substrate S, 
20 which has gone through a preceding step, using the inkjet device 100. If needed, the 
1st surface modification treatment is preferably performed prior thereto. 
[0024] 

As the 1st surface modification treatment, a treatment is performed by which 
wettability of a discharging surface to which the 1st photoresist liquid is discharged is 

25 reduced so that the contact angle of the 1st photoresist liquid with respect to this 
discharging surface becomes large. As a specific method, the following can be given: 
a mediod of emitting ultraviolet light with a wavelength of about 170 to 400 nm; a 
method of exposure in an ozone atmosphere; a method of performing vacuum plasma 
irradiation using a variety of gasses appropriately; a method of performing normal 

30 pressure (atmospheric pressure) plasma irradiation using a variety of gases 
appropriately; for example an HMDS treatment (a method of turning 
(CH3)3SiNHSi(CH3)3 into a vapor state and applying it) or die like using a coupling 
agent; a method combining a plurality of methods such as a method of exposing to an 
ozone atmosphere while emitting ultraviolet light, for example; or the like. With 

35 regard to these surface modification treatment methods, what type of change in 
wettability caused by which treatment method depends on a property of a discharging 
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surface to which the treatment is performed, a property of the 1st photoresist liquid that 
is discharged there, and compatibility of the two; therefore, a method is appropriately 
selected according to the state of the dischaiging surface or the composition of the 1st 
photoresist liquid. 
5 [0025] 

It is acceptable as long as the 1st surface modification treatment is performed 
on at least a portion of a surface of the substrate S, which has gone through a preceding 
step, where the 1st photoresist liquid is to be discharged, it may be performed to the 
entire surface of the substrate S. Furdier, because wettability of the dischaiging 

10 surface to which the 1st surface modification treatment is performed can change wifli 
time, it is preferable to perform the 1st surface modification treatment right before 
discharging the 1st photoresist liquid. Here, the contact angle of the photoresist liquid 
(liquid) with respect to the discharging surface (solid) refers to, as shown in FIG 5, an 
angle 0 formed by a tangent line of a liquid surface and a solid surface, at a point where 

15 aU three of solid, liquid, and vapor come into contact. 
[0026] 

The 1st photoresist liquid is obtained by diluting a resist material (fihn 
constituent) made of a photosensitive resin with an appropriate solvent. Although it is 
preferable that the 1st photoresist liquid has high viscosity in terms of forming a bank 

20 portion with a narrow width, that is, a bank portion in which unevenness of fdm 
thickness does not easily occur, it becomes easy for a dischaige defect to occur in the 
Inkjet device if the viscosity is too high. Accordingly, it is preferable fliat the viscosity 
of the 1st photoresist liquid be lower than or equal to 20 cp, and more preferably about 
12 cp to 8 cp. Further, it is preferable diat the time it takes for the 1st photoresist 

25 liquid to come to a partially cured state or a cured state when left alone be short. 
Therefore, it is preferable to make the proportion of the solvent to be small, use a 
fast-drying solvent. Alternatively, the speed of volatilization of die solvent can also be 
controlled by changing atmosphere composition. 
[0027] 

30 In this embodiment mode, as shown in FIG 4(a), the 1st photoresist liquid is 

discharged so as to draw a near circle along the periphery of the substrate S leaving a 
litde bit of a blank portion 22 around a peripheral portion. That is, in this embodiment 
mode, a region in which the photoresist layer 7 (10, 12, 14) is formed is a region over 
the substrate S excluding die blank portion 22 of the peripheral portion. Accordingly, 

35 the 1st photoresist liquid is applied to be nearly circular over an oudine portion of this 
region where die photoresist layer 7 (10, 12. 14) is formed. Here, die oudine portion 
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refers to a region including the outline and a belt-like portion on the inner side of the 
outline. In this manner, by providing the blank portion 22 in the peripheral portion of 
the substrate S, the 1st photoresist liquid discharged over the surface of the substrate S 
can be prevented from attaching to the reverse side of the substrate S, and a cleaning 
5 operation thereafter can be made easy. 
[0028] 

It is preferable that a line width W (width right after application) of the nearly 
circular bank portion 21 formed of the 1st photoresist liquid is less than or equal to 500 
)xm, because if it is too wide, unevenness of film thickness occurs easily due to a 

10 difference in surface tension in a line-width direction of the bank portion 21. On the 
other hand, if the line width W is too narrow, application by an inkjet method becomes 
difficult, so it is preferable that the line width W of the bank portion 21 is more than or 
equal to 80 jim. Further, the height of the bank portion 21 (height right after 
application) is set so that the height after gomg through a baking step is equal to the 

15 thickness of the photoresist layer 7 (10, 12, 14) after curing, which is to be formed over 
the substrate S. Although the degree to which the bank portion slulnks in between the 
time of application and after baking depends on the composition of the 1st photoresist 
liquid, the height of the bank portion 21 at the time of application is preferably about 2 
to 4 ^m in the case of setting the thickness of the photoresist layer 7 (10, 12, 14) after 

20 curing to be 1 ^m, for example. Further, to form the bank portion 21 to have a desired 
height, the 1st photoresist liquid may be discharged plural tunes and applied in multiple 
layers. 
[0029] 

After forming the bank portion 21 in this manner, as shown in FIG 4(b), a 2nd 
25 photoresist liquid (application liquid) is discharged in the pond portion 23 surrounded 
by the bank portion 21, by the inkjet device 100. If needed, die 2nd surface 
modification treatment is preferably performed prior diereto. 
[0030] 

As the 2nd surface modification treatment, a treatment is performed by which 
30 wettability of a discharging surface to which the 2nd photoresist liquid is discharged is 
improved so that the contact angle of the 2nd photoresist liquid with respect to this 
discharging surface becomes small. The surface to which the 2nd surface modification 
treatment is to be performed here preferably includes at least a bottom surface of the 
pond portion 23 surrounded by the bank portion 21, an inner wall 21a of the bank 
35 portion 21, and an upper surface 21b of the bank portion 21. As specific methods of 
the 2nd surface modification treatment, the same methods as those of die 
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above-described 1st surface modification treatment can be used. Widi regard to these 
surface modification treatment methods, what type of change in wettability caused by 
which treatment method depends on a property of a discharging surface to which the 
treatment is performed, a property of the 2nd photoresist liquid that is discharged there, 
5 and compatibility of the two; therefore, a method is appropriately selected according to 
the state of the discharging surface or the composition of the 2nd photoresist liquid. 
Further, because wettability of die discharging surface to which the 2nd surface 
modification treatment is performed can change widi time, it is preferable to perform 
the 2nd surface modification treatment right before discharging die 2nd photoresist 
10 liquid. 
[0031] 

A film constituent of the 2nd photoresist liquid other dian the solvent has 
nearly the same composition as a film constituent of the 1st photoresist liquid, and die 
2nd photoresist liquid is prepared so that a coating film made of die 1st photoresist 

15 liquid and a coating film made of the 2nd photoresist do not separate from each odier 
and easily combine. Specifically, the 2nd photoresist liquid can be obtained by 
diluting a resist material (film constituent) made of the same photosensitive resin as diat 
of the 1st photoresist liquid widi an appropriate solvent. Aldiough the viscosity of the 
2nd photoresist liquid may be die same as that of die 1st photoresist liquid, a low 

20 viscosity is preferable in terms of improving evenness of die coating film because it is 
easier to spread along the bottom surface of the pond portion 23 after discharging, and 
the coating film is easily planarized and uneven application does not easily occur. In 
addition, widi the 2nd photoresist liquid having a low viscosity, a discharge defect in an 
inkjet device does not easily occur, which is preferable. However, although the 

25 viscosity is lowered as the blending quantity of the solvent increases, there is more 
shrinkage of the film before and after baking, and the time required for baking also 
increases. Accordingly, the viscosity of the 2nd photoresist liquid is preferably about 8 
cp to 2 c, and more preferably about 5 cp to 3 cp. 
[0032] 

30 In this embodiment mode, application of the 2nd photoresist liquid can be 

performed using an inkjet device widi the same structure as the inkjet device 100 used 
for applying the 1st photoresist liquid. The 2nd photoresist liquid is discharged so that 
the entke pond portion 23 is fiUed. Further, because the coating film shrinks after 
going dirough the bakmg step and the solvent is removed, it is preferable to apply die 

35 2nd photoresist liquid so as to have the same diickness as the bank portion 21 in the 
peripheral portion of the pond portion 23. and rises in a center portion to be thicker than 
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the peripheral portion right after application of the 2nd photoresist liquid, as shown in 
FIG 4(b). The height (height right after application) of the coating film at the center of 
the pond portion 23 is preferably set by taking into consideration die shrinkage of die 
bank portion 21 and the shrinkage of die coating film in the pond portion 23, in between 
5 die time of application of the 2nd photoresist liquid and after baking, so that the bank 
portion 21 and the coating film in the pond portion 23 forms a layer with even thickness 
after baking. In die case of setting the height of die photoresist layer 7 (10, 12, 14) 
after baking to be 1 jiim, for example, the height (height right after application) of the 
coating film at die center of die pond portion 23 is preferably about 2 to 4 ^im. Furdier, 
10 to form die coating film in die pond portion 23 to have a desired height, the 2nd 
photoresist liquid may be discharged plural times and applied in multiple layers. 
[0033] 

Also, when the 2nd photoresist liquid is applied to die pond portion 23 by an 
inkjet mediod, it is preferable to start application at die center portion of the pond 
15 portion 23 and subsequendy apply outwards. By doing so, die time it takes for die 2nd 
photoresist liquid to come into contact widi die bank portion 21 after die bank portion 
21 is formed becomes longer, and it is preferable because curing of the bank portion 21 
advances until the 2nd photoresist liquid comes in contact dierewidi. 
[0034] 

20 In diis manner, by applying the 2nd photoresist liquid in die pond portion 23 

surrounded by die bank portion 21 and then baking using an appropriate mediod, die 
solvent is removed and the coating film is cured, and die photoresist layer 7 (10, 12, 14) 
is formed over almost die entire surface of the substrate S. Because the 1st photoresist 
liquid forming the bank portion 21 and the 2nd photoresist liquid forming die coating 

25 film in the pond portion 23 are formed of resist materials (film constituents) widi nearly 
die same composition, the bank portion 21 and the coating film in the pond portion 23 
combine, and the even photoresist layer 7 (10. 12. 14) widiout a border is formed. 
This photoresist layer 7 is formed by the coating flbn being formed in the pond portion 
23 while the bank portion 21 is partially cured or cured, dien the two becoming 

30 combined, a rise at die edge portion is extremely small, and is a diin film widi favorable 
in-plane evenness of diickness as a whole. 
[0035] 

According to diis embodiment mode, the photoresist layer 7 (10, 12, 14) widi 
excellent in-plane evenness is formed over almost the entire surface of the substrate S, 
35 in a photolithography step in a manufacturing process of a semiconductor device. This 
photoresist layer 7 (10, 12, 14) is exposed to light in a subsequent step as shown in FIG 
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2, and a high exposure precision is obtained because it has excellent in-plane evenness. 
Accordingly, the resist patterns 7a (10a, 12a, 14a) obtained by developing after this light 
exposure has high form precision, and form precision of the semiconductor device can 
be improved. Further, although a photoresist liquid has a relatively high unit price, it 
5 is applied using an inkjet mediod, which can reduce waste of the photoresist liquid. 
For example, utilization efficiency of an application liquid in application by a 
spin-coating method is generally about 5 %, and about 95 % becomes wasted, whereas 
in this embodiment mode, utilization efiiciently of the photoresist liquid is about 80 to 
90 %, which is drastically higher, and a significant reduction in production cost is 
10 realized. 
[0036] 

Furdier, in this embodiment mode, the 1st photolithography step for patterning 
the oxide film 2 can be performed using the thin film formation method of the present 
invention. FIG 6 is a descriptive chart roughly showing the 1st photolithography step 

15 for patterning the oxide film 2. That is, over abnost the entire surface of the substrate 
S that has gone through a preceding step, that is, the substrate S over which the oxide 
film 2 is formed, a photoresist liquid (application liquid) is applied by an inkjet method. 
This step of applying the photoresist liquid is performed after forming the bank portion 
21, by a method of forming the coating film in the pond portion 23 surrounded by the 

20 bank portion 21, in a similar manner to the previously-mentioned method. Then, by 
forming a photoresist layer (not shown in the figure) by baking and curing the coating 
film and then exposing this photoresist layer to light through a photomask having a 
light-blocking portion of a predetermined shape and developing it, a resist pattern of a 
predetermined shape is obtained. Up to here, the same steps for forming the 

25 previously-mentioned resist pattern 7a (10a, 12a, 14a) can be performed. After this, 
using the resist pattern that is cured as an etching mask, a lower layer of die resist 
pattern, that is, die oxide film 2 is etched, and dien the resist pattern is removed. 
Accordingly, a patterned oxide film 2 is obtained. 
[0037] 

30 By using such a mediod, a photoresist layer with exceUent in-plane evenness 

can be formed over almost the entire surface of the substrate S in the 1st 
photolithography step for pattering the oxide film 2, and a high light exposure precision 
can be obtained when diis is exposed to light. Accordingly, form precision of die resist 
pattern obtained by developing after light exposure is high, and when the oxide film 2 is 

35 etched using this resist pattern as an etching mask, favorable etching precision is 
obtained. Furflier, waste of the photoresist liquid which has a relatively high unit price 
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is reduced, and this contributes to reduction in production cost. 
[0038] 

Also, in this embodiment mode, in addition to the 1st photolithography step for 
patterning the oxide film 2, the thin film formation method of the present invention can 
5 be used in a similar manner to form a photoresist layer with the steps shown in FIG 6 in 
the 2nd photolidiography step for patterning the silicon oxide fihn 4 and the sOicon 
nitride film 5; the 5th photolithography step for patterning the polysilicon layer 11; the 
8th photolithography step for patterning the interlayer insulating film 16; the 9th 
photolithography step for patterning the Al sputter layer 17; and the 10th 
10 photolithography step for patterning the passivation film; and similar effects are 
obtained. 
[0039] 

Furdier, in this embodiment mode, the step of forming the interlayer insulating 
fihn 16 over abnost the entire surface of the substrate S diat has gone though a 

15 preceding step can be performed using the diin film formation method of the present 
invention. In other words, after forming die bank portion 21, using an application-type 
liquid material such as an interlayer insulating film liquid material or a porous interlayer 
insulating film liquid material as a material for forming the interlayer insulating film 16, 
the interlayer insulating film 16 can be formed by a method of forming a coating fihn in 

20 the pond portion 23 surrounded by this bank portion 21 that is similar to die mediod of 
applying a photoresist liquid using die previously-mentioned Inkjet device 100. 
[0040] 

Using such a mediod, an interlayer insulating film 16 widi excellent in-plane 
evenness can be formed over almost the entire surface of the substrate S, as well as 
25 reduce waste of the liquid material and contribute to reduction in production cost. 
[0041] 

Furdier, in this embodiment mode, the step of forming die conductive layer 17 
over almost die entfre surface of the substrate S after going through a preceding step can 
be performed using the diin film formation mediod of the present invention. In other 

30 words, after forming the bank portion 21, using a liquid material for forming an ITO 
film for example, as a material for forming die conductive layer 17, the conductive layer 
17 can be formed by a mediod of forming a coating film in the pond portion 23 
surrounded by this bank portion 21 that is similar to the mefliod of applying a 
photoresist liquid using the previously-mentioned Inkjet device 100. Then, the wiring 

35 17a is formed by patterning diis conductive layer 17 in die 9di photolidiography step. 
[0042] 
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Using such a method, a conductive layer 17 with excellent in-plane evenness 
can be formed over almost the entire surface of the substrate S, and a wiring 17a with 
excellent in-plane evenness is obtained. Also, there is litfle waste of the liquid 
material and this contributes to reduction in production cost. 
5 [0043] 

Note that although an example of a manufacturing process of a silicon gate 
CMOS device is described as an example of a manufacturing method of a 
semiconductor device in this embodiment mode, m addition to this example, the thin 
film formation method of the present invention can be used in a similar manner for 
10 forming a photoresist layer, forming an interlayer insulating film, or forming a 
conductive layer, in a manufacturing process of a silicon gate nMOS device or a p-n 
junction separation type bipolar device. 
[0044] 

Next, as a second embodiment mode according to the present invention, a 
15 manufacturing method of an electro-optic device will be described. FIG 7 shows one 
example of a manufacturing process of a TFT array substrate 51 in which a TFT (Thui 
Film Transistor) is formed over a glass substrate, in sequential order of steps. As a 
transparent substrate provided with a switching element, the TFT substrate 51 of this 
embodiment mode is used as a member in a variety of electro optic devices, such as a 
20 liquid crystal display device, an oiganic EL display, and a fleld-emission display. 
[0045] 

In the figure, a reference numeral 31 denotes a glass substrate. To make a 
general explanation of a manufacturing process of this example, first, a polishing step 
32 and subsequently an initial washing step 33 are performed on the glass substrate 31, 

25 and then a 1st ITO (indium tin oxide) film formation step 34 is performed. Then, a 1st 
ITO flhn is patterned in a 1st photolithography step 35. Next, an interlayer insulating 
film formation step 36 is performed, and then after performing a gate film formation 
step 37, a gate flhn is patterned in a 2nd photolithography step 38. Subsequently, after 
performing a 2nd ITO film formation step 39, a 2nd ITO flhn is patterned in a 3rd 

30 photolithography step 40. 
[0046] 

Next, after performing a gate insulating film formation step 41, a gate 
insulating film is patterned in a 4th photolithography step 42. Then, after performing 
an i-type amorphous-silicon fihn (ia-Si film) formation step 43, an ia Si fihn is 
35 patterned in a 5th photolithography step 44. Subsequently, after performing an etching 
stopper film formation step 45. an etching stopper film is patterned in a 6th 
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photolithography step 46. Then, after performing a n^-type amorphous-silicon film (n^ 
a-Si fibn) formation step 47, a n^ a-Si film is patterned in a 7th photolithography step 48. 
Next, after performing a source/drain electrode layer formation step 49, a source/drain 
electrode layer is patterned in an 8th photolithography step 50, and the TFT array 
5 substrate (inversely-staggered) 51 is obtained. 
[0047] 

In this embodiment mode, in the step of patterning the 1st ITO film by the 1st 
photolithography step 35, the thin film formation method of the present invention is 
used to form a photoresist, by following the steps shown in FIG 6. That is, first, a 

10 photoresist liquid is applied to almost the entire surface of the substrate S that has gone 
through the 1st ITO fibn formation step 34. This step of applying the photoresist 
liquid is performed after first forming the bank portion 21 using the 1st photoresist 
liquid, by a method of forming a coating film with the 2nd photoresist liquid in the pond 
portion 23 surrounded by the bank portion 21, in a similar manner to the 

15 previously mentioned metiiod. Then, by forming a photoresist layer by baking and 
curing the coating film and then exposing tliis photoresist layer to light through a 
photomask having a light-blocking portion of a predetermined shape and developing it, 
a resist pattern of a predetermined shape is obtained. Subsequently, using the resist 
pattern that is cured as an etching mask, the 1st ITO film is etched, and then the resist 

20 pattern is removed. Accordingly, a patterned ITO film is obtained. 
[0048] 

Further, in this embodiment mode, the thin film formation method of die 

present invention is used not only in the 1st photolithography step 35, but also in the 
2nd to 8tii photolithography steps 38, 40, 42, 44, 46, 48, and 50, in a similar manner, by 
25 following the steps shown in FIG 6. 
[0049] 

According to tiiis embodiment mode, in each of the 1st to 8th photolitiiography 
steps 35, 38, 40, 42, 44, 46, 48, and 50, a photoresist layer wifli exceUent in-plane 
evenness can be formed over almost the entire surface of the substrate S, and a high 

30 light exposure precision is obtained when it is exposed to light. Accordingly, form 
precision of the resist pattern obtained by developing after light exposure is high, and by 
using this resist pattern as an etching mask to perform etching, favorable etching 
precision is obtained. Further, waste of the photoresist liquid which has a relatively 
high unit price is reduced, and this contributes to reduction in production cost. 

35 [0050] 

Note that although an example of a manufacturing process of a TFT substrate 
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forming an electro-optic device is given in tliis embodiment mode, in addition to tliis, 
In manufacturing metliods of various electro-optic devices, tlie diin film formation 
method of the present invention can be used in a similar manner when applying a 
photoresist liquid to perform a photolithography step, and waste of the photoresist liquid 
5 can be reduced along with obtaining a photoresist layer with favorable in-plane 
evenness. For example, in a photolithography step for forming an electrode of a 
simple matrix liquid ciystal display device or a segmented liquid crystal display device, 
it is preferable to use the thui film formation mediod of the present invention when 
applying the photoresist liquid. 
10 [0051] 

Further, in addition to a photolithography step, the thin film formation method 
of the present invention can be used in formation steps of various thm films using a 
liquid material For example, in an electro-optic device such as a liquid crystal display 
device, the thin film formation method of die present invention can be used in a step of 
15 forming a transparent conductive film using a liquid material; a step of forming an 
interlayer insulating film; a step of forming a conductive layer; a step of forming an 
orientation film; a step of forming a planarizing film; a step of forming a protective 
film; or the like. 
[0052] 

20 Also, because the thin fibn formation method of the present invention also 

performs application by an Inkjet, it is not always necessary to perform application over 
an entire surface of a substrate, and a thin film with an arbitrary planar shape can be 

formed. Accordingly, in addition to a step of forming a thin film over almost the entfre 
surface of the substrate, the thin film formation method of the present invention can be 
25 used in a step of forming a thin film with an arbitrary shape. 
[0053] 

[Efffect of the Invention] 

As described in detail above, in the thin fibn formation method of the present 
invention, because a bank portion with a relatively narrow width is formed first by 

30 discharging the 1st application liquid by an Inkjet method over the outline portion of the 
region of a substrate where a thin film is to be formed, a bank portion widi a sharp 
outline and a favorable evenness of a surface state can be formed. Furdier, because a 
coating film is formed in a pond portion surrounded by this bank portion by discharging 
the 2nd application liquid by an Inkjet method, a surface state of the coating film in the 

35 pond portion becomes virtually even, and a rise due to a difference in surface tensions 
does not easily occur. Further, because the 1st photoresist liquid and die 2nd 



20/25 



Translation of: JP-2003-126760 



photoresist liquid contain film constituents with nearly the same composition, the two 
combine after curing, and a diin film with excellent in-plane evenness and a sharp 
outlme is obtained. Furthermore, because the thin film formation method of the 
present invention uses an inkjet method, the application liquid can be applied to a 
5 predetermined site with a predetermined application amount; accordingly, waste of the 
application liquid is drastically less than a spin-coating mediod, and reduction, in 
production cost can be realized. 
10054] 

The manufacturing method of a thin film structure of the present invention is a 
10 manufacturing method of a thin film structure m which a thin film is formed over a 
substrate, characterized in that the previously-mentioned dim film is formed by the thin 
film formation method of the present invention. Accordingly, a semiconductor device 
provided with an interlayer insulating film widi excellent in-plane evenness is obtained, 
as well as reduction in waste of an application liquid for forming the interlayer 
15 insulating film, and this contributes to reduction in production cost. 
10055] 

The manufacturing method of a semiconductor device of the present invention 
is a manufacturing method of a semiconductor device provided with an interlayer 
insulating film, characterized in diat the previously-mentioned interlayer insulating film 

20 is formed by the thui film formation method of the present invention. Accordingly, a 
semiconductor device provided with an interlayer insulatuig film widi excellent in-plane 
evenness can be obtained, as well as reduction in waste of an application liquid for 
forming the interlayer insulating fibn, and this contributes to reduction in production 
cost. Further, the manufacturing method of a semiconductor device of the present 

25 invention is a manufacturing method of a semiconductor device provided with a wiring 
formed by patterning a conductive layer, characterized by including a step of forming 
the previously-mentioned conductive layer by the thin film formation method of the 
present invention and a step of patterning the conductive layer. Accordmgly, a 
semiconductor device provided with a wiring with excellent in-plane evenness is 

30 obtained, as well as reduction in waste of an application liquid for forming the 
conductive film, and this contributes to reduction in production cost. Furthermore, the 
manufacturing mediod of a semiconductor device of the present invention is a 
manufacturing method of a senuconductor device that contauis a photolithography step, 
characterized in that the photolithography step includes a step of forming a photoresist 

35 layer by the thin film formation method of the present invention. Accordingly, a 
semiconductor device provided with a wiring with excellent m-plane evenness can be 
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obtained, as well as reduction in waste of an application liquid for forming the 
conductive film, and this contributes to reduction in production cost. Furthermore, the 
manufacturing method of a semiconductor device of the present invention is a 
manufacturing method of a semiconductor device including a photolithography step, 
5 characterized in that the photolithography step includes a step of forming a photoresist 
layer by the thin film formation method of the present invention. Accordingly, a 
photoresist layer with excellent in-plane evenness can be formed, and a high light 
exposure precision can be obtained. Also, waste of the photoresist liquid tiiat has a 
relatively high unit price is reduced and this contributes to reduction in production cost. 
10 [0056] 

The manufacturing metiiod of an electro-optic device of the present Invention 
is a method of manufacturing an electro-optic device including a transparent conductive 
film over a substrate, characterized in that the previously-mentioned transparent 
conductive film is formed by the diin film formation metiiod of the present invention. 

15 Accordingly, an electro-optic device provided witii a transparent conductive film with 
excellent in-plane evenness can be obtained, as well as reduction in waste of an 
application liquid for forming the transparent conductor film, and this contributes to 
reduction in production cost. Further, the manufacturing method of an electro-optic 
device of the present invention is a manufacturing method of an electro-optic device 

20 including a photolitiiography step, characterized in tiiat the photolithography step 
includes a step of forming a photoresist layer by the thin film formation metiiod 
according to claim 7. Accordingly, a photoresist layer wifli excellent in-plane 
evenness can be formed, and a high light exposure precision can be obtained. Also, 
waste of the photoresist liquid that has a relatively high unit price is reduced and this 

25 contributes to reduction in production cost. 

[Brief Description of Drawings] 

[FIG 1] diagrams showing an example of a manufacturing process of a semiconductor 
device in sequential order of steps, showing the first embodiment mode according to the 

30 present invention; 

[FIG 2] a chart showing an example of a process of forming a resist pattern in 
sequential order of steps, in the first embodiment mode according to the present 
invention; 

[FIG 3] a general perspective view showing an example of an Inkjet head favorably 
35 used In the present invention; 

[FIG 4] (a) is a plan view showing a bank portion formation step and (b) is a 
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cross-sectional view showing a step of forming a coating film in a pond portion, and 
tliey show a step of forming a resist layer in the first embodiment mode according to the 
present invention; 

[FIG 5] a diagram for explaining a contact angle; 
5 [FIG 6] a chart showing an example of a photolithography step in sequential order of 
steps, in the first embodiment mode of the present invention; 

[FIG 7] a chart showing an example of a manufacturing process of a TFT substrate 
forming an electro-optic device in sequential order of steps, showing the second 
embodiment mode according to the present invention; 
10 [FIG 8] (a) is a cross-sectional view of a thin film before drying and (b) is a 
cross-sectional view of the thin film after drying, and they show an example of a 
conventional thin film formation method. 

[Explanation of Numerals] 
15 7, 10, 12, 14: photoresist layer 

16: interlayer insulating film 

17: conductive layer 

17a: wiring 

21: bank portion 
20 23: pond portion 

51: TFT array substrate 

S: substrate (resulting substrate after preceding step) 
100: Inkjet device 

25 [FIG 1] 
[FIG 2] 

PRECEDING STEP 
SUBSTRATES 

PHOTORESIST LIQUID APPLICATION aNKJET METHOD) 
30 BAKING 

LIGHT EXPOSURE 

DEVELOPMENT (RESIST PATTERN FORMATION) 
[FIG 3] 
[FIG 41 

35 [FIG 5] vapor; liquid; solid 
[FIG 6] 
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PRECEDING STEP 
SUBSTRATES 

PHOTORESIST LIQUID APPUCATION (INKJET METHOD) 

BAKING 
5 LIGHT EXPOSURE 

DEVELOPMENT (RESIST PATTERN FORMATION) 

CURING 

ETCHING 

RESIST PATTERN REMOVAL 

10 [FIG 7] 

31: GLASS SUBSTRATE 

32: POLISHING 

33: INITL\L CLEANING 

34: nRST FTO FOM FORMAHON 
15 35:lstPHOTOLrrHOGRAPHY 

36: INTERLAYER INSUALTING FILM FORMAHON 

37: GATE FILM FORMATION 

38: 2nd PHOTOLITHOGRAPHY 

39: 2nd ITO FILM FORMATION 
20 40: 3rd PHOTOLTTHOGRAPHY 

41: GATE INSULATING FILM FORMAHON 

42: 4th PHOTOLTTHOGRAPHY 

43: ia-Si FILM FORMATION 

44: 5th PHOTOLITHOGRAPHY 
25 45: ETCHING STOPPER FILM FORMATION 

46: 6tfa PHOTOLTTHOGRAPHY 

47: n* a-Si FOM FORMAnON 

48: 7tli PHOTOLTTHOGRAPHY 

49: SOURCE/DRAIN ELECTRODE LAYER FORMATION 
30 50: 8th PHOTOLITHOGRAPHY 
51: TFT ARRAY SUBSTRATE 
[FIG 8] 
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